Abstract -The titanated bislactim ethers of cyclo(-L-Val-Gly-) 3 and 7 were added highly diastereoselectively in a 1,6fashion to the nitro olefines 4 yielding the nitro compounds 5. Upon acidic hydrolysis these nitro compounds 5 afforded the cr-amino-y-nitro acid esters 12, which can be hydrogenated to the lactames 14. The oxazoline derivatives 17 were obtained via their nitrile oxides 15 in a subsequent dipolar (2+3)-cycloaddition.
Introduction
The asymmetric synthesis of a-amino-y-nitro acids deserves special attention due to their potential biological activity and for the construction of modified oligopeptides. Moreover, the nitro group is one of the most versatile functional groups in organic synthesis and can be transformed into amino, carbonyl, nitrile oxide and many other groups.3 Therefore, the nitro group can be called a "synthetic chameleon"."
Encouraged by the unexpectedly high degree of asymmetric induction which occurred during the addition of the titanated bislactim ether of cyclo(-L-Val-Gly-) towards aldehydess. as well as during the l&addition of the lithiated bislactim ether towards a&unsaturates ester&, we investigated the 1,4-addition of metalated bislactim ethers to nitro olefines. The goal was the development of a highly efficient asymmetric synthesis of the previously unknown &amino-y-nitro-acids' and of cx,y-diamino acids. a,,[-Diamino acids, such as a,y-diamino butyric acid, are components of polymycines which are known to show antibiotic activity.8 Furthermore, it should be possible to transform the nitro group into a nitrile oxide group, which should be able to undergo a 1,Sdipolar cycloaddition9 to yield isoxazoles which contain amino acids. Isoxazoles have been incorporated into antibiotics like oxacilline or cloxacillinel" or into anti tumor drugs like acivicine. ' ' 5607 First publ. in: Tetrahedron 48 (1992), 27, pp. 5607-5618 Konstanzer 
II. Results and Discussion
The lithiated bislactim ether of cyclo (-L-Val-Gly-) 2 was obtained as usual from the bislactim ether 1 and n-butyllithium.12 Upon addition of 2 to the nitro olefines 4 the nitro adducts 5 were obtained. Yields and diastereomeric ratios are listed in Table 1 . Diastereomeric ratios were determined by capillary GC MS and 'H NMR spectroscopy. The (2R,SS)-configuration of the major diastereomer was established through the 5J5~,2~ coupling constant According to our previous experience, 5J 5~2~ in the bislactim ether moiety is approximately 3. According to previous results, the titanated bislactim ether of cyclo(-L-Val-Gly-) 3 reacts highly diastereoselectively with aldehydes yielding the corresponding (2R,5S,l'S) aldol adducts as single diastereomers5 Consequently, the nitro olefines 4 were treated with the titanated bislactim ether 3, which was derived from 2 and chlorotitanium tris [diethylamide] .13
The nitro compounds 5 were obtained virtually diastereomerically pure (Table 1) . To establish the stereochemistry at C-l' a number of l'-substituted bislactim ether adducts 5 were prepared in order to obtain crystals suitable for an X-ray analysis. Indeed, the nitro compounds Sd, e, g and h were obtained as solids, but only the adducts Sg and h were suitable for X-ray-analyses. 14 For these compounds the R-configuration at C-1' could be established. This stereochemical result is in agreement with those obtained by the Michael addition of 2 to a$-unsaturated esters's and ketones. 16 In analogy to 5g and h we suggest the same stereo-chemistry at C-1' for the other compounds 5.
Me0 6
In order to rationalize the stereochemical outcome of this 1,4-addition, we postulate a chelated transition state 6. In this transition state the substituent R and the methoxy group do not hinder each other. We believe that the chelating power of the titanium stabilizes such a transition state.
Since chlorotitanium tris [diethylamide] is more difficult to prepare than other titanating agents, we prepared the titanated bislactim ether 7 from the lithiated bislactim ether 2 and the commercially available chlorotitanium tris[iso propoxide].17 Addition of 7 to the nitro olefines 4 afforded after aqueous work-up the nitro compounds 5 (see Table 2 ). The yields of 5 from the reaction of 7 with 4 are comparable with those obtained from 3 and 4, but the diastereoselectivities are slightly lower. Since the l'R-and the 1'S diastereomers are easy to separate by flash chromatography, the use of the titanated bislactim ether 7 can be recommended for the preparation of the nitro compounds 5. In order to prepare the desired a,y-diamino acids, the nitro group in 5d was reduced by catalytical hydrogenation.
The amino derivative 8 cyclized under the reaction conditions to the amidine 9, which tautometized to the more stable bicycle 10. Upon acidic hydrolysis of 10 and subsequent protection of the amino group as its BOC-derivative the dipeptide analogue 11 was obtained in 52% yield.
In order to avoid the formation of 10 and to obtain the desired cq-diamino acids, the bislactim ether needed to be cleaved prior to reduction. The hydrolysis of the bislactim ethers 5 proceeded smoothly without any racemization to yield the a-amino acid methyl esters 12 virtually enantiomerically and diastereomerically pure (see Table 3 ).
Under these reaction conditions a Nef-reaction t* of the nitro group was not observed. Methyl L-valinate -the chiral auxiliary in this synthesis -could be removed easily by bulb-to-bulb distillation or by column chromatography. 
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In an exemplary experiment 12a was hydrogenated (Hz/Pd) yielding the lactam I4 via methyl 2,4-diamino-3-methyl butanoate (13).
The nitro compound 5b was converted into its nitrile oxide derivative 15 according to Mukaiyama's protocol.19 The in situ (2+3)-dipolar cycloaddition9 with the olefines 16 afforded the isoxazole derivatives 17. This cycleaddition proceeded with complete regiocontrol 20 but with a lack of stereocontrol, yielding the adducts 17 as l:lmixtures of the C-5" diastereomers.
Ph-N=C=O 5b - . The solution of 3 (or 7) was slowly added at -7o'C to a precooled solution of the nitro olefines (3.6 mmol) in THF (30 ml) and stirring was continued for 12 h. Phosphate buffer (10 ml, pH 7) was added and the reaction mixture was allowed to warm up to -40 "C. H20 (50 ml) was added, the layers were separated at room temp., the aqueous layer was extracted four times with diethyl ether (50 ml each) and the combined organic layers were dried with MgS04. After evaporation of the solvent in vacua (4o'C/20 Torr) the crude products 5 were purified by bulb-tobulb distillation or by column chromatography. Hz; 1H; 5-H), 3.74 and 3.77 (2s; 6H; OCH$, 3.88 (s; 6H, C6H30CH3), 4.10 (X-part of an ABX-system, JAX = 6 Hz, JBX = 9.5 HZ, 3J = 3.5 Hz; lH, l'-H), 4.28 (dd, J = 3.5 Hz, 55 = 3.5 Hz; lH, 2-H), 4.68 (A-part of an ABXsystem, JAB = 13 Hz, JAX = 6 Hz; lH, CH CH2NO2), 6.80 -6.94 (m; 3H, C6H3 122.92, 124.70, 125.06, 125.67, 126.52, 128.25, 129.06, 131.75, 133.66, 134.05 (CtoH, ) IJ-Dipolar Addition of the Nitrile Oxides 15 to the Olefines 16, Isoxazolines 17, General Procedure: To a solution of the nitro compounds 5 (3 mmol) and triethyl amine (3 drops) in benzene (2 ml) phenyl isocyanate (0.71 g, 6 mmol) and a solution of the olefines 16 (3.5 mmol) in benzene (2 ml) were added. After stirring for 1 h at room temp. the mixture was refluxed for 8 h. Solid compounds were removed by filtration and the solvent was removed in vacua (3O"C/l2 Ton). The residues -the crude isoxazolines 17 -were purified by chromatography on silica gel or by bulb-to-bulb distillation. 6 = 14.11 and 14.53 (CH3), 16.57, 16.62, 19.02 and 19.03 [(CH3)2CH], 31.63 and 31.76 [(CH3)$ZH], 52.32, 52.42, 52.43, 52.54 . 52.57 and 52.61 (OCH3), 58.41, 59.05, 160.46, 160.62, 161.22, 161.63, H, 7.43, found, C, 57.02; H, 7 .38%. THF was added until the mixture became homogeneous and stirring was continued at room temp. for Id6d. Volatiles were removed in vacua (25"C/lO torr) and the aqueous solution was extracted with diethyl ether (25 ml) in order to remove undesired non basic organic materials. Diethyl ether (25 ml) was added to the aqueous layer and the mixture was brought to pH 8-10 with cont. ammonia under stirring. The layers were separated and the aqueous layer was extracted twice with diethyl ether (25 ml each). The combined ethereal layers were dried with MgSO4 and the solvent was evaporated in vacua (O'C/ 10 torr). Methyl L-valinate was removed in vacua (3O"CYO.Ol torr) and the residues -the crude amino acid esters 12 -were purified by chromatography or bulb-tobulb distillation.
Methyl a-amino-P-methyl-y-nitro butanoate (Z2a): 1.08 g (4 mmol) 5b were used and stirring was continued for 1 d. After bulb-to-bulb distillation 0.55 g (78%) 12a were obtained. -B.p.: 6o"C/O.O1 torr. --D.e. and e.e.: >95%. 
